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RELAXED SILICON GERMANIUM PLATFORM FOR 
HIGH SPEED CMOS ELECTRONICS AND HIGH SPEED ANALOG 

CIRCUITS 



PRIORITY INFORMATION 

This application claims priority from U.S. Patent Applications Nos. 09/906^00 
and 09/906;>01 both filed on July 16, 2001, which claim priority to U.S. provisional 
application Set. No. 60/273,112 filed Match 2, 2001. 



BACKGROUND OF THE INVENTION 
The invoititm relates to tiie field of relaxed SiGe platforms for high speed 
CMOS electronics and high speed analog circuits. 

Si CMOS as a platfonn for digital integrated circuits has progressed predictably 
15 tiirough the industry roadmap. The progress is created through device miniaturizatioii, 
leading to higher performance, greater reliability, and lower cost However, new 
bottlenecks in data flow are appearing as the interconnection hierarchy is expanded. 
Although digital integrated circuits have progressed at unprecedented rates, analog 
circuitry has hardly progressed at alL Fur&erxnore, it appears that in the near future, 
20 serious economic and technological issues will confront the progress of digital 
integrated circuits. 

The digital and communication chip markets need an enhancement to Si CMOS 
and the maturing roadmap. One promising candidate material that improves digital 
integrated circuit technology and introduces new analog' integrated circuit possibilities 

25 is relaxed SiGe material on Si substrates. Relaxed SiGe alloys on Si can have thin 
layers of Si deposited on ftem, creating tension in the thin Si layers. Tensile Si layers 
have many advantag^us properties for die basic device in integrated circuits, the 
metal-oxide field effect transistor (MOSFEI}. Firs^ placing Si in tension increases the 
mobility of electrons moving parallel to the sur&ce of ibc wafer, thus increasing tiie 

30 fiequracyofoperationofflieMOSFET and the associated circuit Second, the band 
offeet between the relaxed SiGe and the tensile Si will confine electrons in the Si layer. 
Therefore, in an electron channel device (n-chaimel), the channel can be removed from 
file surface or *buried*. This ability to spatially separate die charge carriers from 
scattering centers such as ionized impurities and the *rough' oxide inter&ce enables the 

3 5 production of low noise, high performance analog devices and circuits. 

' A key development in diis field was die mvention of relaxed SiGe buffers with tow 
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teeading dislocation densities. The key background inventions in tbis area are 
described in U.S. Pat No. 5,442;205 issued to Brasen ct al. and U.S. Pat No. 6,107,653 
issued to Fitzgerald. These patents define the cuuent best methods of fabricating high 
quality relaxed SiGe. 

* 5 . . • . . Novel device stiuctureis in reseaorch laboratories have been fabricated on early, . 
primitive v^ons of the relaxed buffer. For example, strained Si, surface channel 
nMOSFETs have been created that show enhancements of over 60% in intrinsic gn 
with electron mobility increases of over 75% (Rim et al. lEDM 98 Tech. Dig. p. 707). 
Strained Si,' buried channel devices demonstrating high transconductance and high 

1 0 mobility have also been fabricated (U. Konig, MRS Synqx>sium Proceedings 533, 3 
(1998)). Unfortunately, tiiiese devices possess a variety of problems with respect to 
commercialization. First, the material quality that is generally available is insufBcient 
for practical utilization, since tiie surface of SiGe on Si becomes very rough as ihc 
material is relaxed via dislocation mtroduction. These dislocations are essential in fte 

15 growth of relaxed SiGe layers on Si since they compensate for the stress induced by file 
lattice mismatch between the materials. For more tfian 10 years, researchers have tried 
to intrinsically control the surface morphology through epitaxial growth, but since the 
stress fields firom the misfit dislocations affect the growfli fix>nt, no intrinsic epitaxial 
solution is possible. The invention describes a method of planarization and regrowth 

2 0 that allows all devices on relaxed SiGe to possess a significantiy flatter surface. This 
reduction in surface roughness increases the yield for fine-line Urography, thus 
enabling the manufacture of strained Si devices. 

A second problem with the strained Si devices made to date is fiiat researchers 
have been concentrating on devices optimized for very different applications. The 

2 5 surface chaimel devices have been explored to enhance conventional MOSFET devices, 

whereas the buried channel devices have been constructed in ways tiiat mimic Oie 
buried chaimel devices previously available only in m-V materials systems, like 
AlGaAs/GaAs. Recognizing that the Si inanufacturing infiastructure needs a materials 
platform that is compatible with Si, scalable, and capable of being used in the pletiiora 
30 of Si integrated circuit applications, the disclosed invention provides a platform diat 
allows both the enhancement of circuits based on Si CMOS, as well as the fabrication 
of analog circuits. Thus, high performance analog or digital systems can be designed 
with this platformu An additional advantage is tiiat boft types of circuits can be 
fabricated in tiie CMOS process, and therefore a combined, integrated digital/analog 

3 5 system can be designed as a single-chip solution. 
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With these advanced SiGe material platfonns, it is now possible to provide a 
variety of device and circuit topolo^es &at take advantage of ttiis new materials system. 
Exemplary embodiments of &e invention describe structoxes and mefliods to fabricate 
advanced strained-layer Si devices, and structures and methods to create circuits based on 
5 - a muItipIidtyofdevic6s, aU fabricated fiom the same staiting material platfoim^ S 

from the same material platform is key to minimizing cost as well as to allowing as many 
circuit topologies to be built on this platform as possible. 

SUMMARY OF THE INVENTION 
1 0 Accordmgly , fte invention provides a material platfonn of planarized relaxed 

SiGe with regrown device layers. The planarization and regrowth strategy allows 
device layers to have minimal sur&ce roughness as compared to strategies in which 
device layers are grown without planarization. This planari^ and regrown platform is 
a host for strained Si devices thai can possess optimal characteristics for both digital 
15 and analog circuits. Structures and processes are described that allow for the 

fabrication of high performance digital logic or analog circuits, but the same structure 
can be used to host a combination of digital and analog circuits, forming a single 
system-on-chip. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram of a structure inchidmg a relaxed SiGe 
layer epitaxially grown on a Si substrate; 

FIG. 2 is a schematic block diagram of an exemplary structure showing that the 
origin of the Crosshatch pattern is the stress fields from injected misfit dislocations; 
25 FIG. 3 is a table showing surface roughness data for relaxed SiGe buffers 

produced by dislocation injection via graded SiGe layers on Si substrates; 

FIGs. 4A-4D show an exemplary process flow and resulting platfonn stracture 
in accordance with the invention; 

FIGs. 5A-5D are schematic diagrams of the corresponding process flow and 
3 0 layer structure for a surface channel FET platform in accordance wiA the invention; 

FIGs. 6A-6D are schematic diagrams of the corresponding process flow and 
layer structure for a buried channel FET platfonn in accordance vnfh the invention; 

FIGs. 7 A-7D arc schematic diagrams of a process flow for a surface channel 
MOSFET in accordance with 4e invention; 
3 5 FIGs. 8A and 8B are schematic block diagrams of surface channel devices with 
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protective layers; 

FIGs. 9A and 9B are schematic block diagrams of surface channel devices witb Si 
layers on Ge-rich layers for use in silicide formation; 

FIGs. 10 is schematic diagram of a buried channel MOSFET after device 

S isolation in actortiance with the invention; • • . • 

FIG. 1 1 is a schematic flow of flie process, for any heterostiucture FET device 
deposited on relaxed SiGe, in accordance wi& the invention; 

FIGs. 12A-12D are schematic diagrams of a process flow in fee case of forming 
the surface chaimel MOSFET in the top strained Si layer in accordance with the 
10 invention; 

HGs. 13A-13D are schematic diagrams of a process flow in the case of forming 
the surface chaimel MOSFET m the buried strained Si layer in accordance with die 
invention; and 

FIGs. 14A and 14B are schematic diagrams of sur&ce and buried channel 
1 5 devices with Si|.yGey channels on a relaxed Sii^Ge^ layer. 

DETAILED DESCRIPTION OF THE INVENTION 
FIG. 1 is a schematic block diagram of a structure 100 including a relaxed SiGe 
layer epitaxially grown on a Si substrate 102. In this stmcture, a compositionally 

2 0 graded buffer layer 104 is used to accommodate the lattice mismatch between ttie 

unifonn SiGe layer 106 and the Si substrate. By spreading die lattice mismatch over a 
distance, the graded buffer minimizes the number of dislocations reaching the surface 
and thus provides a method for growing high-quality relaxed SiGe films on SL 

Any method of growing a higb-quality, relaxed SiGe layer on Si will produce 
25 roughness on the surface of the SiGe layer in a well-known Crosshatch pattern. This 
Crosshatch pattern is typically a few hundred angstroms thickness over distances of 
microns. Thus, the Crosshatch pattern is a mild, undulating surface morphology with 
respect to the size of the electron or hole. For diatreason, it is possible to create 
individual devices fliat achieve enhancements over their control Si device coimteiparts. 

3 0 However, commercialization of these devices requires injection of die material into the 

Si CMOS process environment to achieve low cost, high performance targets. This 
processing environment requires diat the material and device characteristics have 
minimal in^ct on die manu&cturing process. The Crosshatch pattern on the surfiice of 
&e wafer is one limiting characteristic of relaxed SiGe on Si that affects the yield and 
35 die ease of manufacture. Greater planati^ is desired for high yield and ease in 
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The origm of flie Crosshatch pattern is the stress fields fiom the injected misfit 
dislocations. This effect is depicted by the exeiiq)lary structure 200 shown in FIG. 2. 
By definitioTi, the dislocations must be introduced in order to accommodate the latticc- 
5 ' misraatcTi between the SiGe alloy arid the Si siibstfate. The stress fields originate atthe • 
dislocations, and are teraiinated at the surface of the film. However, the tenmination at 
fee surface creates crystal lattices that vary from place to place on the surface of the 
wafer. Since growth rate can be correlated to lattice constant size, difFerent fliicknesses 
of deposition occur at different points on the wafer. One may think that thick layer 
10 growth beyond the misfit dislocations will smooth the layer of these thickness 
differences. Unfortunately, the undulations on the surface have a relatively long 
wavelength; therefore, surface difiusion is typically not great enough to remove the 
morphology. 

FIG. 3 is a table that displays surface -roughness data for relaxed SiGe buffers 
15 produced by dislocation injection via graded SiGe layers on Si substrates. Note that the 
as-grown Crosshatch pattern for relaxed SicgGeoj buffers creates a typical roughness of 
approximately 7.9mn. This average roughness increases as the Ge content m the 
relaxed buffer is increased. Thus, for any SiGe layer that is relaxed through dislocation 
introduction during growth, the surface roughness is unacceptable for state-of-the-art 
2 0 fabrication facilities. After the process in which the relaxed SiGe is planarized, the 
average roughness is less than 2nm (typically 0.57mn), and after device layer 
deposition, the average roughness is 0.77nm with a 1 .5^m regrowth thickness. 
Therefore, after the complete structure is fabricated, over one order of magnitude of 
roughness reduction can be achieved. 

2 5 The regrowOi device layers can be either greater than or less Aan the critical 

thickness of the regrowth layer. In general, in any lattice-mismatched epitaxial growth, 
thin layers can be deposited without fear of dislocation introduction at the interface. At 
a great enough thickness, any lattice-mismatch between the film and substrate will 
introduce misfit dislocations into the regrown heterostmcture. These new dislocations 

3 0 can cause additional surface roughness. Thus, if the lattice-im'smatch between the 

regrowth device lay«s and relaxed SiGe buffer is too great, the effort of planarizing the 
relaxed SiGe may be lost since massive dislocation introduction will roughen the 
surface. 

There are two distinct possibilities wi& respect to tiic regrowth thickness and the 
3 5 quality of surface. If the regrowth layers are very thin, &cn exact lattice matching of the 
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legrowth layer composition and tibe relaxed buffer composition is not necessary. In this 
case, the surface roughness will be very low, approximately equal to &e post-planarization 
flatness. However, in many applications for devices, the regrowth layer thickness will be 
1 -2 pm or more. For a 1 % diflFerence in Ge concentration between the relaxed SiGe and the 
5 regrowth layer, the critical thickness is approximately 0.5pm. Thus, if optimal flatness is 
desired, it is best to keep the regrowth layer below approximately 0.5 |im unless excellent 
control of the uniformity of Ge concentration across the wafer is achieved. Althpu^ this 
composition matching is achievable in state-of-the-art tools, FIG, 3 shows that less precise 
matching, i.e., within 2% Ge, results in misfit dislocation introduction and introduction of 

10 a new Crosshatch pattern. However, because fte lattice mismatch is so small, the average 
roughness is still very low, approximately 0.77nm. Ihus. ciflicr lattice-matching or slight 
mismatch will result in excellent device layer surfaces for processing. 

It is also noted that the relaxed SiGe alloy with surface roughness may not 
necessarily be a unifonn composition relaxed SiGe layer on a graded conq>osition ' 

15 layer. Although ibis material layer structure has been shown to be an earfy example of 
high quality relaxed SiGe, fliere are some disadvantages to this structure. For example, 
SiGe alloys possess a much worse coefficient of thermal conductivity than pure Si. 
Thus, for electronic devices located at die surface, it may be relatively difficult to guide 
the heat away firom the device areas due to the thick graded composition layer and 

2 0 unifonn con^sition layer. 

Ano&er exemplary embodiment of the invention, shown in FIGs. 4A-4D, solves 
this problem and creates a platform for high power SiGe devices. FIGs. 4 A-4D show an 
exemplary process flow and resulting platform structure m accordance with the invention. 
The structure is produced by first forming a relaxed uniform SiGe alloy 400 via a 

25 compositionally graded layer 402 on a Si substrate 404. The SiGe layer 400 is'then 
transferred to a second Si substrate 406 using conventional bonding. For example, the 
uniform SiGe alloy 400 on the graded layer 402 can be planaiized to remove the 
Crosshatch pattern, and that relaxed SiGe alloy can be bonded to tie Si wafer. The graded 
layer 402 and Ac original substrate 404 can be removed by a variety of conventional 

30 processes. For example, one process is to grind &e original Si substrate away and 
selectively etch to the SiGe, either by a controlled dry or wet etch, or by embedding an 
etch stop layer. The end result is a relaxed SiGe alloy 400 on Si without the thick graded 
layer. This structure is more suited for high power applications since the heat can be 
conducted away fiom the SiGe layer more efficiently. The bond and substrate removal 

35 technique can also be used to produce SiGe on msulator substrates, or SGOL An SGOI 
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wafer is produced using the same technique shown in nG& 4A-4D; however, the second 
substrate is coated with a Si02 layer before bonding, in an alternative embodiment, both 
wafers canbe coated with SiOi to enable oxide-to-oxide bonding. Hie resulting structure 
after substrate removal is a high quality, relaxed SiGe layer on an insulating film. Devices 
5 buflt on Aisplatfonn can utilize the performance ephancementspf both st^^ 

SOI architecture. 

It will be appreciated &at in the scenario where the SiGe layer is transfencd to 
another host substrate, one may stfll need to planarize before regrowing the device layer 
structure. The SiGe surface can be too rough for state of flie art processing due to flie 

10 substrate removal technique. In this case, fee relaxed SiGe is planarized, and flie 
device layers are regrovra on top of flic high-quality relaxed SiGe surfece. 

Planarization of flie surface via mechanical or odier physical mefliods is 
required to flatten the surface and to achieve CMOS-quality devices. However, flie 
field effect transistors (FETs) fliat aDow fot enhanced digital and analog circuits are 

15 very thin, and thus would be removed by die planarizationstq). Thus, a first part of &c 
invention is to realize that relaxed SiGe growth and planarization, followed by device 
layer regrowtb, is key to creating a high-performance, high yield enhanced CMOS 
platform. FIGs. 5 and 6 show the process sequence and regrowfli layers required to 
create embodiments of surface channel and buried channel FETs, respectively. 

2 0 FIGs. 5 A-5D are schematic diagrams of a process flow and resulting layer 

stracture in accordance with flie invention. FIG. 5A diows flie surface roughness 500, 
which is typical of a relaxed SiGe aUoy 502 on a substrate 504, as an exaggerated wavy 
surface. Note fliat flie substrate is bbeled in a generic way, since flie substrate could 
itself be Si, a relaxed compositionally graded SiGe layer on Si, or anoflier material in 
25 which die relaxed SiGe has been transferred flirough a virafer bonding and removal 

technique. The relaxed SiGe alloy 502 is planarized (HG. 5B) to remove flie 
substantial roughness, and flien device regrowfli layers 506 are epitaxially deposited 
(FIG. 5C). It is desirable to lattice-match flie composition offlie regrowfli layer 506 as 
closely as possible to die relaxed SiGe 502; however, a small amount of nrismatcb and 

3 0 dislocation introduction at flie interface is tolerable since flie surfece remains 

substantially planar. For a surface channel device, a strained Si layer 508 of fliickness 

less flian 0.1 jim is tiien grown on top of the relaxed SiGe 502 wifli an optional 

sacrificial layer 510, as shown in HG. 5D. The strained layer 508 is flie layer fliat wiH 

be used as flie channel in flie final CMOS devices. 
35 HGs. 6A-6D are schematic diagrams offlie correspondingprocess flow and layer stnictare 
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for a buried channel FET platform in accordance with flie invention. In this 
structure, 4e regrowth layers 606 include a lattice matched SiGe layer 602, a strained Si 
channel layer 608 with a thickness of less than 0.05pm, a SiGe separation or spacer layer 
612, a Si gate oxidation layer 614, and an optional sacrificial layer 610 used to protect the 

'5 heterostructure during flie initial device processing steps. . 

Once the device structure has been deposited, flie rest of flie process flow for 
device fabrication is very similar to that of bulk Si- A simplified version of the process 
flow for a surface channel MOSFET m accordance wifli the invention is shown in 
FIGs. 7 A-7D. This surface channel MOSFET contains a relaxed SiGe layer 700 and a 

1 0 strained Si layer 702. The device isolation oxide 704, depicted in FIG. 7A, is typically 
formed first In fliis step, the SiN layer 706, which is on top of a thin pad oxide layer 
708, serves as a hard mask for either local oxidation of silicon (LOCOS) or shallow 
trench isolation (STI). Botfi techniques use a thick oxide (relative to device 
dimensions) to provide a high threshold voltage between devices; however, STI is 

1 5 better suited for sub-quarter-micron technologies. Figure 7B is a schematic of the 

device area after &e gate oxide 716 growth and the shallow-source drain implant Tbe 
implant regions 710 are self-aligned by using a poly-Si gate 712 patterned with 
photoresist 714 as a masking layer. Subsequently, deq) source-drain unplants 71 8 are 
positioned using conventional spacer 720 formation and the device is electrically 

2 0 contacted through flie formation of sflicide 722 at flie gate and silicide/germanides 724 

at flie source and drain (Figure 7C). Figure 7D is a schematic of the device after the 
first level of metal interconnects 726 have been deposited and etched. 

Since flicrc are limited-fliickness layers on top of the entire structure, the 
removal of surface material during processmg becomes more critical than with standard 
25 SL For surface channel devices, flie structure that is rcgrown consists primarily of 
nearly lattice-match^ SiGe, and a thin surface layer of strained Si. Many of the 
processes that are at the beginning of a Si fabrication sequence strip Si from flie 
surface. If flie processing is not carefully controlled, the entire strained Si lay^ can be 
removed before flie gate oxidation. The resulting device will be a relaxed SiGe channel 

3 0 FET and thus flie benefits of a strained Si channel will not be realized. 

A logical solution to combat Si removal during initial processing is to make the 
strained Si layer thick enough to compensate for this removal However, thick Si layers 
are not possible for two reasons. First, the enhanced electrical properties originate from 
flie fact that flie Si is strained and fliick layers e3q)erience strain relief Ihrou^ the 
35 introduction of misfit dislocations. Second, flie misfit dislocations fliemselves are 
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undesirable in significant quantity, since they can scatter cairieis and increase 
leakage currents in junctions. 

In order to prevent removal of strained Si layers at flie surface, flie cleaning 
procedures before gate oxidation must be mimmized and/or protective layers must be 
5 ^plied. Prdtective layers are useful since their remcnral can 

Some exanq}les of protective layers for sur&ce channel devices are shown in FIGS. 8A 
and 8B. FIG. 8A shows a strained Si heterostracture of a relaxed SiGe layer 800 and a 
strained Si channel layer 802 protected by a sur&ce layer 804 of SiGc. The surface 
SiGe layer 804 should have a Ge concentration similar to that of the relaxed SiGe layer 

10 800 below, so that ttie fliickness is not limited by critical thickness constainte. During 
die initial cleans, the SiGe sacrificial byer is removed instead of the strained Si channel 
layer. The thickness of the sacrificial layer can either be tuned to equal tiie removal 
thickness, or can be made greater than the removal thickness. In the latter case, the 
excess SiGe can be selectively removed before the gate oxidation step to reveal a clean, 

15 strained Si layer at die as grown thickness. If the particular fabrication facility prefers a 
Si terminated surface, a sacrificial Si layer may be deposited on top of the SiGe 
sacrificial cap layer. 

FIG. 8B shows a structure where a layer 806 of SiOj and a surface layer 808 of 
either a poly-crystalline or an amorphous material are used as protective layers. In this 

2 0 metiiod, an oxide layer is either grown or deposited after the epitaxial growth of fee 

strained Si layer. Subsequently, a polycrystalline or amorphous layer of Si, SiGc, or Ge 
is deposited. These semiconductor layers protect fee strained-Si layer in fee same 
manner as a SiGc cap during fee processing steps before gate oxidation. Prior to gate 
oxidation, fee poly/amorphous and oxide layers are selectively removed. Alfeough fee 
25 sacrificial layers arc shown as protection for a surface charmel device, fee same 
techniques can be employed in a buried charmel heterostructure. 

Anofeer way in which conventional Si processing is modified is during fee 
source-drain silicide-germanide formation (FIG. 7C). In conventional Si processing, a 
metal (typically Ti, Co, or Ni) is reacted wife fee Si and, through standard annealing 

3 0 sequences, low resistivity silicides are formed. However, in this case, fee metal reacts 

wife bofe Si and Ge simultaneously. Since fee silicides have much lower free energy 
fean fee germanides, feere is a tendency to form a silicide while fee Ge is expelled 
The expelled germanium creates agglomeration and increases fee resistance of fee 
contacts. This increase in series resistance offsets fee benefits of fee extra drive current 
3 5 firom fee heterostructure, and negates fee advantages of fee structure. 
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Ti and Ni can form phases in which the Ge is not rejected severely, flius 
allowing the formation of a good contact Co is much more problematic. However, as 
discussed above for the problem of Si removal, a protective Iayer(s) at the device epitaxy 
stage can be applied instead of optimizing the SiGe-metal reaction. For example, the 
5 ^ioed Si that will become the surface chmnel can be coated with a hi^-Ge-content 
SiOe alloy Qugber Ge content than the initial relaxed SiGe), followed by strained Si. Two 
approaches are possible using these surface contact layers. Both methods introduce thick 
Si at the surface and allow the conventional silicide technology to be practiced without 
encountering the problems with SiGe-metal reactions. 

1 0 The first approach shown on a surface chaimel heterostructure 900 in FIG. 9A, 

uses a Ge-rich layer 906 ibin enough ttat it is substantially strained. The layer 906 is 
provided on a strained Si channel layer 904 and relaxed SiGe layer 902. hi this case, if 
a subsequent Si layer 908 is beyond fiie critical thickness, the compressive Ge-rich . 
layer 906 acts as a barrier to dislocations entering the strained Si channel 904. This 

1 5 barrier is beneficial since dislocations do not adversely affect the silicide process; tfau3, 
their presence in the subsequent Si layer 908 is of no consequence. However, if the 
dislocations were to penetrate to the channel, there would be adverse effects on the 
device. 

A second approach, shown in FIG. 9B, is to allow a Ge-rich Iay» 9 10 to 
2 0 intentionally exceed the critical thickness, thereby causing substantial relaxation in the 
Ge-rich layer. In this scenario, an arbitrarily tfuck Si layer 912 can be applied on top of 
the relaxed Ge-rich layer. This layer will contain more defects than the strained 
channel, but the defects play no role in device operation since this Si is relevant only in 
the silicide reaction. In both cases, the process is free from the metal-SiGe reaction 

2 5 concerns, since the metal will react wi& Si-only. 

Once the silicide contacts have been formed, the rest of the sequence is a standard Si 
CMOS process flow, except that the tiiermal budget is carefully monitored since, for 
example, the silicide-germanicide (if diat option is used) typically cannot tolerate as 
higih a temperature as the conventional silicide. A major advantage of using Si/SiGe 
30 FET heterostmctures to achieve enhanced perforinance is the compatibility with 
conventional Si techniques. Many of the processes are identical to Si CMOS 
processing, and once ihe front-end of die process, Le., the processing of the Si/SiGe 
heterostructure, is complete, the entire back-end process is uninfluenced by the fact Aat 
Si/SiGe Ues below. 

3 5 Evoi though the starting heterostructure for the buried channel device is different 
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from that of flie surface channel device, its process flow is veiy similar to flie surface 
• channel flow shown in FIGs. 7A-7D. FIG. 10 is a schematic block diagram of a buried 
channel MOSFET strocture 1000 after the device isolation oxide 1016 has been formed 
using a SiN mask 1014. In ftis case, the strained channel 1002 on a first SiGe layer 1010 
S is separated fifoln the surface by the growth of -ariother- SiGe layer 1004, followed by . 
another Si layer 1006. This Si layer is needed for tfie gate oxide 1008 since gate-oxide 
formation on SiGe produces a very higih interface state density, thus creating non-ideal 
MOSFETs. One consequence of this Si layer, is that if it is too thick, a substantial portion 
of file Si layer will remain afler die gate oxidatiorL Carriers can populate this residual Si 

1 0 layer, creating a surface clumnel in parallel witii the desired buried charmel and leading to 
deleterious device properties. Thus, the surface layer Si must be kept as diin as possible, 
typically less than 50 A and ideally in the range of 5- IS A. 

Another added feature fiiat is necessary for a buried channel device is the supply 
layer implant The field experienced in the vertical direction when ttie device is turned 

IS on is strong enough to pull carriers from the buried channel 1002 and force them to 
populate a Si channel 1006 near the Si/SiO^ interface 1012, thus destroying any 
advantage of the buried channel. Thus, a supply layer of dopant must be introduced 
either in the layer 1004 between the buried chaimel and the top Si layer 1006; or below 
the buried channel in the underlying SiGe 1010. In this way, the device is forced on 

20 with little or no applied voltage, and turned offby applying a voltage (depletion mode 
device). 

FIG. 1 1 is a schematic flow of the process, for any heterostructure FET device 
deposited on relaxed SiGe, in accordance with the invention. The main process steps are 
shown in the boxes, and optional steps or comments are shown in the circles. The first 

25 three steps (1100,1102,1104) describe the fabrication of the strained silicon 
heterostmcmre. The sequence includes production of relaxed SiGe on Si, planarization of 
the SiGe, and regrowth of iht device layers. Once the strained heterostructure is complete 
(1 106), MOS fabrication begins with device isolation (11 12) using either STI (1 1 10) or 
LOCOS (11 08). Before proceeding to the gate oxidation, buried chaimel devices undergo 

30 a supply and threshold implant (1 114), and any protective layers applied to either a buried 
or surface channel heterostructure must be selectively removed (1116). The processing 
sequence after the gate oxidation (1118) is simflar to conventional Si CMOS processing. 
These steps include gate deposition, doping, and definition (1120), self-aligned shallow 
source-drain implant (1122), spacer formation (1124), self-aligned deep source-drain 

3 5 implant (1 126), salicide formation (1 128), and pad isolation via metal deposition and etch 
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(1130). Hie Steps requiring significant alteration have been discussed. 

One particular advantage of flie process of FIG- 1 1 is that it enables the use of 
surface cbazuiel and buried chaimel devices on the same platform. Consider FIGs. 
12A*12D and FIGs. 13A-I3D, which show a universal substrate layer configuration 
, . .5 . agod a process that le^ds. to the co-habitation of surface and buried channel MQSFETs 
on the same chip. The universal substrate is one in which botti surface channel and 
buried channel devices can be fabricated. There are two possibilities in fabricating the 
surface channel device in flris sequence, shown in FIGs. 12 and 13. The proceiss flows 
for combining surface and buried channel are similar to the previous process described 

10 in FIG. 7. Therefore, only the critical steps mvolved in exposing tibe proper gate areas 
arc shown in FIGs. 12 and 13. 

FIGs. 12A and 13A depict die same basic heterostructure 1200,1300 for 
integrating surface channel and buried chaxmel devices. There is a surface strained Si 
layer 1202,1302. a SiGe spacer layer 1204,1304, a buried strained Si layer 1206,1306, 

15 and a relaxed platform of SiGe 1208,1 308. Two strained Si layers are necessary 

because the buried channel MOSFET requires a surface Si layer to form the gate oxide 
and a buried Si layer to form the device channel. The figures also show a device 
isolation region 1210 that separates the buried channel device area 1212,1312 from the 
surface channel device area 1214,1314. 

2 0 Unlike fte buried channel device, a surface channel MOSFET only requires one 

strained Si layer. As a result, the surface channjel MOSFET can be fabricated cither m 
the top strained Si layer, as shown in FIGs. 12B-12D, or the buried Si layer channel, as 
shown in FIGs. 13B-13D. FIG. 12B is a schematic diagram of a surface channel gate 
oxidation 1216 in the top Si layer 1202. In this scenario, a thicker top Si layer is 

2 5 desired, since after oxidation, a residual strained Si layer must be present to form the 

channel. FIG. 12B also shows a possible position for the buried chaimel supply implant 
1218, which is usually implanted before the buried channel gate oxide is grown. Since 
ttic top Si layer is optimized for the surface chaimel device, it may be necessary to strip 
some of the top strained Si in the regions 1220 where buried channel devices are bemg 

3 0 created, as shown m FIG. 1 2C. TTiis removal is necessary in order to minimize the 

surfece Si thickness after gate oxide 1222 formation (FIG. 12D), and thus avoid the 
formation of a paraUel device chaimel. 

When a sur&ce channel MOSFET is formed in the buried strained Si layer, the top 
strained Si layer can be thin, i.e., designed optimally for the buried channel MOSFET. In 
35 FIG. 13B, die top strained Si and SiGe layers are removed in the region 1312 where the 
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surface channel MOSFETs are fonned. Because Si and SiGe have different 
properties, a range of selective removal techniques' can be used, such as wet or dry 
chemical etehing. Selective oxidation can also be used since SiGe oxidizes at much higher ' 
rates flian Si, especially under wet oxidation conditions. FIG. 13C shows the gate 
. 5 • . oxidation 1314 of Ae surface channel device as well as the supply layer implant 1316 for 
the buried channel device. Finally.nG. 1 3D shows the position ofthe buried channel gate 
oxide 1318. No thinning of the top Si layer is required prior to fhc oxidation since the 
epitaxial thickness is optimized for the buried channel device. Subsequent to these initial 

steps, the processing for each device proceeds as previously described. 
10 Anotherkey step in the process is fte use of a localized implant to aeate the 

supply layer needed in fht buried channel device. In a MOSFET structure, when the 
channel is turned on, large vertical fields arc present that bring carriers to the surface. 
The band offset between flie Si and SiGe that confines flie electrons in the buried 
strained Si layer is not large enougji to prevent carriers from being pulled out ofthe 
15 buried channel Thus, at first, Ae buried chamel MOSFET would appear useless. 
However, if enough charge woe present in Ihe top SiGe layer, the MOSFET would 
become a depletion-mode device, i.e. normally on and requiring bias to turn off the 
channel. In the soifaceyburied duomel device platfonn, a supply layer implant can be 
created in the regions where flie buried channel will be fabricated, 4us easing process 
2 0 integration. If for some reason flie supply layer implant is not possible, note fliat the 
Ittocess shown in FIG. 1 1 m wMdi the surface channel is created on the buried Si layer 
is an accq)table process, since Ae dopant can be introduced into the tc^ SiGe layer 
during epitaxial growft. The supply layer is then removed from the surface channel 
MOSFET areas when fee top SiGe and strained Si layers are selectively etched away. 
25 In the processes described in FIGs. 10, 12and 13, it is assumed that fee desire is to 

fabricate a buried channel MOSFET. If die oxide ofthe buried channel device is removed, 
one can form a buried channel device with a metal ^te (termed a MODFET or HEMT). 
The advantage of ftis device is Hbat Ae tiansconductance can be much fai^^er since fliere is 
a decrease in capacitance due to the misnng oxide. However, Acre are two disadvantages 
30 to using *is device. First, all Aennal processes after gate definition have to be extremely 
tew temperature, otherwise the metal will react wiA the semiconductor, forming an 
anoyed gate wiA a very low, or non-existent, barrier. Rdated to this issue is the second 
disadvantage. Due to Ae low Aermal budget, the source and drain formation and contacts 
are ^icaUy dcme before Ae gate definition. Inverting Acse steps prevents Ae gate from 
3 5 being self-aligned to Ae source and drain, Aus increasing Ae series resistance between Ae 
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gate and the source and drain. Therefore, with a carefully designed buried channel 
MOSFET, the self-aligned nature can be a great advantage in device performance. 
Another benefit of fte MOSFET structure is that the gate leakage is very low. 

The combination of buried n-chaimel structures with n and p type surface 
5 channel MOSFETs 'has been emphasized heretofore. It is important to also emphasize 
that in buried n-chaimel devices as well as in surface channel devices, the chaimels 
need not be pure Si. Sii.yGcy channek can be used to increase the stability during 
processing. FIGs. 14A and 14B are schematic diagrams of surface 1400 and buried 
1450 charmel devices with Sii.yGey channels 1402 on a relaxed Si).zGei layer 1404. 

1 0 The devices are shown after salicidation and thus contain a poly-Si gate 1410, gate 
oxide 140S, silicide regions 1412, spacers 1414, and doped regions 1416. In flie 
surface channel device 1400, a thin layer 1406 of Si must be deposited onto the Sii.yGcy 
layer 1 402 to form the gate oxide 1408, as previously described for buried channel 
devices. In the buried Sii.yGcy channel device 1450, the device layer sequence is 

15 unchanged and consists of a buried strained channel 1402, a SiGe spacer layer 141 8, 
and a surface Si layer 1420 for oxidatioa 

To maintain tensile strain in the channel of an nMOS device, the lattice constant 
of the channel layer must be less than fliat of the relaxed SiGe layer, i.e., y must be less 
fean z. Since n-channel devices are sensitive to alloy scattering, the highest mobilities 

2 0 result when the Ge concentration in the chaimel is low. In order to have strain on this 
channel layer at a reasonable critical thickness, the underlying SiGe should have a Ge 
concentration in the range of 10-50%. 

Experimental data indicates fliat p chaimels are less sensitive to alloy scattering. 
Thus, surface MOSFETs with alloy channels are also possible. In addition, the buried 

2 5 channel devices can be p-channel devices simply by having the Ge concentration in the 

channel, y, greater than the Ge concentration in the relaxed SiGe alloy, z, and by 
switching the supply dopant from n-type to p-type. This configuration can be used to 
fbrai Ge channel devices when y = 1 and 0.5 < z < 0.9. 

With the ability to mix enhancement mode surface channel devices (n and p 

3 0 channel, through implants as in typical Si CMOS technology) and depletion-mode buried 

channel MOSFETs and MODFETs, it is possible to create highly integrated digital/analog 
systems. The enhancement mode devices can be fabricated into high performance CMOS, 
and the regions of an analog circuit requiring die high performance low-noise depletion 
mode device can be fabricated m die buried charmel regions. Thus, it is possible to 
35 construct optimal communication stages, digital processing stages, etc. on a smgle 
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platfoim. These different regions are connected electrically in the backend of the 
Si CMOS chip, just as transistors are connected by 4e back-end technology today. Thus, 
the only changes to fee CMOS process are some parameters in the processes in the 
fabrication facility, and the new material, but otherwise, fee entire manufacturing process 
5 is teanspaicnt to fee changed Thus, fee economics favof such a platform for integrated Si 
CMOS systems on chip. 

Alfeou^ fee present invention has been shown and described wife respect to 
several preferred embodimcnls feereof, various changes, omissions and additions to fee 

form and detail feereof, may be made feerein, wifeout departing firom fee spirit and 
10 scope of fee invention. 

What is claimed is: 
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CLAIMS 

1 1. A surface channel MOSFET comprising: 

2 a lelaxedplanaiizedSiGe layer on a substrate; 

3 a legrownSiuxGcx layer with fliicknessh; 

4 ... a Si channel layer, ... .... ........ . 

5 a gate dielectric; 

6 a polyciystalline semiconductor layer; and 

7 a highly conductive gate layer. 

1 2, The MOSFET of claim 1, wherein his approximately 0. 

1 3 . The MOSFET of claim 1 , wherein the substrate comprises relaxed graded 

2 composition SiGe layers on Si. 

1 4. The MOSFET of claim 1, wherein the substrate comprises Si. 

% 

1 5. Ihe MOSFET of claim I, wherein the substrate comprises Si wiA a layer of 

2 Si02. 

1 6. A surface channel MOSFET comprising: 

2 a relaxed planaiized SiGe layer on a substrate; 

3 a regrown Sii-xGcx layer with thickness h; 

4 a Ge channel layer; 

5 a Si layer; 

6 a gate dielectric; 

7 a polycrystalline semiconductor layer; and 

8 a highly conductive gate layer. 

1 7. The MOSFET ofclaim 6, wherein his approximately 0. 

1 S. The MOSFET of claim 6, wherdn die thickness of the Si layer is less than 

2 Sum. 
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1 9. TleMOSFETof claim6, wherem the substrate comprises relaxed 

2 graded composition SiGe layers on Si. 

1 10. The MOSFETofclaim 6, wherein the substrate comprises Si 

1 Ih The MOSFETofclaim 6, wherein the substrate comprises Si with a layer 

2 ofSiO:. 

1 12. A buried channel MOSFET comprising: 

2 a relaxed planarized SiGe layer on a substrate; 

3 a regrownSii.xGex layer with thickness h; 

4 a Si channel layer; 

5 a Sii.yGey layer; 

6 a second Si layer, 

7 a gate dielectric; 

8 a polyciystalline semiconductor layer; and 

9 a highly conductive gate metal layer. 

1 13. The MOSFET of claim 12, wherein h is approximately 0. 

1 14. The MOSFET of claim 12, wherein tfie thickness of Hit second Si layer is 

2 less than Simi. 

1 IS. The MOSFET of claim 12, wherein supply layer dopants are located in the 

2 Sit.yGey layer. 

1 16. The MOSFET of claim 1 5, wherein the supply layer dopants are implanted. 

1 17. The MOSFET of claim 12, wherein the supply layer dopants are located 

2 below the Si channel layer. 

1 18. The MOSFET of claim 1 7, wherein the supply layer dopants are implanted. 

1 19. The MOSFET of claim 12, wherem the substrate comprises relaxed graded 

2 conq)05ition SiGe laym on Si. 

1 20. The MOSFET of claim 12, wherein the substrate comprises SL 

1 21. The MOSFET of claim 12, wherein the substrate comprises Si with a layer 
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2 ofSiO.. 



1 22. A buried channel FET comprising: 

2 a relaxed planarized SiGe layer on a substrate; 

3 aregrownSi|-,Gcjilayerwi4&ickncssh; 

4 - a Si channel layer; 

5 aSiuyGcylayer, 

6 a second Si layer; and 

7 a highly conductive gate layer. 

1 23. The FET of claim 22, wherein his approximately 0. 

1 24. The FET of claim 22, wherein the thickness of tiie second Si layer is less 

2 than Snm. 

1 25. The FET of claim 22, wherein supply layer dopants are located in fiie Sii.* 

2 yGcy layer. 

1 26. The FET of claim 25, wherein the supply layer dopants are implanted. 

1 27. The FET ofclaim 22, wherein the supply layer dopants are located below 

2 the Si chaimel layer. 

• 1 28. TheFETof claim 27, wherein the supply layer dopants are nnplanted. 

1 29. The FET ofclaim 22, wherein flie substrate comprises relaxed graded 

2 composition SiGe layers on Si. 

1 30. The FET ofclaim 22, wherein ttie substrate con5)rises Si. 

1 31. Ihe FET ofclaim 22, wherein the substrate comf^ses Si witib a layer of 

2 SiOa. 

1 32. A method offabricating a surface channel MOSFET comprising: 

2 providing a relaxed SiGe layer on a substrate; 

3 planazizing said relaxed SiGe layer, 

4 providing a regrown Sii.xGe. layer with thickness h on said planarized relaxed 

5 SiGe layer; 
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6 providing a Si channel layer on said regrown Sii^xGe^ layer; 

7 providing a gate dielectric on said Si channel layer, 

8 providing a polycrystalline semiconductor layer on said gate dielectric; and 

9 providing a highly conductive gate layer on said polycrystalline semiconductor 
10 layer. • • • • - • . • . • 

1 33. The method of claim 32, wherein his approximately 0. 

1 34. The method of claim 32, wherein die substrate comprises relaxed graded 

2 composition SiGe layers on Si. 

1 35. The method of claim 32, wherein the substrate comprises Si. 

1 36. The method of claim 32, wherein the substrate comprises Si with a layer of 

2 SiOj. 

1 37. A method of fabricating a surface channel MOSFET comprising: 

2 providing a relaxed SiGe layer on a substrate; 

3 planarizing said relaxed SiGe layer, 

4 providing a regrown Sij.xGe, layer with Sickness h on said planarized relaxed 

5 SiGe layer, 

6 providing a Ge channel layer on said regrown Si^xGe, layer; 

7 providing a Si layer on said Ge channel layer; 

8 providing a gate dielectric on said Si layer, 

9 a polycrystalline semiconductor layer, and 
10 a highly conductive gate layer. 

1 3S. The method of claim 37, wherein h is approximately 0. 

1 39. Ihe method of claim 37, wherein the Ouckness of the Si layer is less tihan 

2 5nm. 

1 40. The method of claim 37, wheiein the substrate comprises relaxed graded 

2 conq>osition SiGe layers on SL 

1 41. The method of claim 37, wherein die substrate comprises SI 

1 42. The method of claim 37, wherein die substrate comprises Si widx a layer of 
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2 SiOj. 

1 43. A mefliodoffabncating a buried chaxmel MOSFET comprising: 

2 providing a relaxed SiGe layer on a substrate; 
• 3. .... plan^rizing said relaxed SiGe layer, .... 

4 providing a regrown Si|.xGex layer with thickness h on said planarized relaxed 

5 SiGe layer; 

6 providing a Si channel layer on said regrown Sii-xGe, layer; 

7 providing a Sif.yGey layer on said Si channel layei^ 

8 providing a Si layer on said Sii.yGey layer; 

9 providing a gate dielectric on said Si layer; 

1 0 providing a polycrystalline semiconductor layer on said gate dielectric; and 

1 1 providing a highly conductive gate metal lay^ on said polycrystalline 

12 semiconductor layer. 

1 44. The mediod of claim 43, wherein h is approximately 0. 

1 45. The method of claim 43, wherein the thickness of the Si layer is less than 

2 Snm. 

1 46. The method of claim 43, wherein supply layer dopants are located in flie 

2 SiwyGcy layer. 

1 47. The method of claim 46, wherein the supply layer dopants are implanted. 

1 48. The method of claim 43, wherein the supply layer dopants are located 

2 below the Si channel layer. 

1 49. Themediodof claim 48, wherein the siipply layer dopants are implanted. 

1 50. The mediod of claim 43, wherein the substrate comprises relaxed graded 

2 composition SiGe layers on Si. 

1 51. The method of claim 43, wherein the substrate comprises Si. 

1 52. The method of claim 43, wherein the substrate comprises Si with a layer of 

2 SiQi- 
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1 53. A method of fabricating a buried channel FET comprising: 

2 providing a relaxed SiGe layer on a substrate; 

3 planarizing said relaxed SiGe layer, 

4 providing a regroyraSii-xGe, layer with thickness h on said planarized relaxed 

5 SiGe layer, 

6 providing a Si chaimel layer on said regrown Sii.,Ge, layer, 

7 providing a Sii-yGe^ layer on said Si channel layer, 

8 providing a Si layer on said Sii./3ey layer, and 

9 providing a highly conductive gate layer on said Si layer. 

1 54. The method of claim 53. wherein h is q)proximately 0. 

1 55. The method of claim 53, wherein the thickness of the second Si layer is less 

2 thanSnm. 

1 56. The method of claim 53, wherein supply layer dopants are located in the 

2 Sii./je, layer. 

1 57. The method of claim 56, wherein Ae supply layer dopants are implanted. 

1 58. The method of claim 53, wherein the supply layer dopants are located 

2 below the Si channel layer. 

.1 59. The method of claim 58, wherein the supply layer dopants are implanted. 

1 60. The method of claim 53, wherein the substrate comprises relaxed graded 

2 composition SiGe layers on Si. 

1 61 . The method of claim 53, wherein the substrate comprises Si. 

1 62. The method of chiim 53, wherein flie substrate comprises Si with a layer of 

2 SiCh- 

1 63. A method of fabricating a surface channel MOSFET on a heterostnicture. 

2 said heterostnicture including a planarized relaxed SiGe layer on a substrate, a regrown 

3 Si,.,Ge, layer wiA fliickness h on said planarized relaxed SiGe layer, and a Si channel 

4 layer on said regrown Si|.xGe, layer, said method comprising: 

5 providing a gate dielectric on said Si diannel layer. 
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6 providing a polyciystalline semiconductor layer on said gate dielectric; 

7 and 

8 providing a hi^ly conductive gate layer on said polyciystalline semiconductor 

9 layer. 

1 64. The niediodofclaim 63, wherein his approximately 0. 

1 65. The method ofclaim 63, wherein file substrate comprises relaxed graded 

2 composition SiGe layers on St 

1 66. The method ofclaim63»whereia the substrate comprises Si. 

1 67. The method of claim 63, wherein the substrate comprises Si with a layer of 

2 Si02. 

1 68. A method of fabricating a surface channel MOSFET on a heterostructure, 

2 said heterostracture including a planarized relaxed SiGe layer on a substrate, a regrown 

3 Si|.xGex layer with thickness h on said planarized relaxed SiGe layer, a Ge channel 

4 layer on said regrown Sit.xGex layer, and a Si layer on said Ge channel layer, said 

5 method comprising: 

6 providing a gate dielectric on said Si layer, 

7 providing a polycrystalline semiconductor layer; and 

8 providing a highly conductive gate layer. 

1 69. The method ofclaim 68, wherein his approximately 0. 

1 70. The method of claim 68, wherein the thickness of the Si layer is less than 

2 Snm. 

1 71. The method of claim 68, wherein the substrate comprises relaxed graded 

2 composition SiGe layers on Si 

1 72. Ibe method of claim 68, wherein the substrate comprises Si. 



1 



2 



73. The method of claim 68, wherein the substrate comprises Si with a layer of 

Si02. 
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1 74. A method of fabricating a buried channel MOSFET on a 

2 heterostnicture, said heterostnicture inchiding a planarized relaxed SiGe layer on a 

3 substrate, a regrown Sit.xGex layer wi& fhickness h on said planarized relaxed SiGe layer, 

4 a Si channel layer on said regrown Sii-xGex layer, a Sii.yGey layer on said Si channel layer, 
• ' 5 anda Si layer on said Sii-yGcylayCT, said mefliod comprising: 

6 providing a gate dielectric on said Si layer; 

7 providing a polycrystalline semiconductor layer on said gate dielectric; and 

8 providing a highly conductive gate metal layer on said polycrystalline 

9 semiconductor layer. 

1 75. The method of claim 74, wherein h is approximately 0. 

1 76. The method of claim 74, wherein the thickness of the Si layer is less flian 

2 5xm. 

1 77. The method of claim 74, wherein supply layer dopants are located in fte 

2 SiuyGey layer. 

1 78. The method of claim 77, wherein the supply layer dopants are ixrq>]anted. 

1 79. The method of claim 74, wherein the supply layer dopants are located 

2 below the Si chaimel layer. 

1 80. The method of claim 79, wherein the supply layer dopants are implanted. 

1 SI . The method of claim 74, wherein the substrate comprises relaxed graded 

2 composition SiGe layers on Si. 

1 82. The method of claim 74, wherein the substrate comprises Si. 

1 83. Tht method of clann 74, wherein the substrate comprises Si witti a layer of 

2 SiOj. 

1 84. A me&od of fabricating a buried channel FET on a heterostnicture, said 

2 heterostructure including a planarized relaxed SiGe layer on a substrate, a regrown Si| 

3 layer widi diickness h on said planarized relaxed SiGe layer, a Si cbanud layer on said 

4 regrown Si|.xGex layer, a Sii./jey layer on said Si channel layer, and a Si layer on said Si|. 
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5 yGCy layer, said method coiiq)rising: 

6 providing a highly conductive gate layer on said Si layer. 

1 85. The mefliod of cbim 84, wherein h is approximately 0. 

1 * 85/ The metfiod of claim 84, wherein the thickness of the Second Si layer is lisss- 

2 than Smn. 

1 87. The me&od of claim 84, wherem supply layer dopants are located in the 

2 Si|.yG^ layer. 

1 88. The method of claim 87, wherein the supply layer dopants are implanted. 

1 89. The method of claim 84, wherein the supply layer dopants axe located 

2 below the Si channel layer. 

1 90. The meftod of claim 89, wherein the supply layer dopants are implanted. ' 

1 91 . The method of claim 84, wherein the substrate comprises relaxed graded 

2 composition SiGe layers on SL 

1 92. The method of claim 84, wherein the substrate comprises Si. 

1 93. The method of claim 84, wherein the substrate comprises Si with a layer of 

2 SiOz. 

1 94. A method of fabricating a semiconductor structure comprising: 

2 providing a relaxed Sii.xGex layer on a substrate; 

3 planarizing said relaxed Si|.xGex layer, 

4 depositing a beterostnicture on said planaxized relaxed Sit.xGe» layer includmg 

5 at least one strained layer; and 

6 configuring a semiconductor device on said heterosthicture. 
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